Actinomycetes are gram-positive bacteria that form elongated, branching cells and produce the majority of the currently known secondary metabolites. Genetic studies with various actinomycetes have resulted in the identification of self-transmissible DNA elements present both in the free state and chromosomally integrated (5, 8, 10, 15, 18, 19, 21, 25) . For some of these elements (6, 10, 17, 20, 25) , the processes of site-specific excision and integration have been shown to involve recombination between attachment sites on the plasmid (attP) and on the bacterial chromosome (attB). We are interested in the physiological role of such an integrating plasmid (pMEA300) in Amycolatopsis methanolica NCIB 11946 (11) . This nocardioform actinomycete is a versatile methanol-utilizing bacterium, closely related to Amycolatopsis mediterranei and Saccharopolyspora erythraea (12, 16) . Here, we report an analysis of the pMEA300 segment involved in site-specific integration.
Growth, DNA isolation, manipulation, and sequencing. Growth ofA. methanolica was on complete medium containing (per liter) yeast extract (BBL) (4 g), malt extract (Difco) (10 g ), and glucose (4 g). Plasmid DNA ofA. methanolica was isolated by using the hot alkaline lysis method (14) . Isolation of total cellular DNA was performed as described previously (13) . Transfer of DNA fragments to Hybond-N nylon membranes (Amersham, Amersham, U.K.) was performed as described previously (24) . DNA sequencing was performed with the Automated Laser Fluorescent DNA Sequencer from Pharmacia LKB. Sequencing reactions were done by the dideoxy method (23) with T7 polymerase and with either 5'-endlabelled primers (30) or with unlabelled primers and fluorescein-labelled ATP (27) . The nucleotide sequence data were analyzed using the programs supplied in the PC/GENE software package (IntelliGenetics, Mountain View, Calif.). Open reading frames were identified by using a Streptomyces codon usage table (28) . Nucleotide and deduced amino acid sequences of the identified open reading frames were compared with sequences in the database by using the Blast program (1). The nucleotide sequence data determined in this report has been deposited in the GenBank database under the accession number L36679.
Detection hybridization experiment using the 0.74-kb Bcll fragment as a probe (Fig. 2B) . From the difference in hybridization intensity we estimated that the position of the integration site was 0.64 kb from the SphI-BclI sites (Fig. 1A) . The data from Fig. 2 and similar experiments allowed the construction of a restriction map of the integrated plasmid (pMEA300in') and its flanking regions (Fig. iB) . The restriction map of the integrated copy was found to be identical to that of the free copy. Unlike the situation for pMEA100 inA. mediterranei (29) , rearrangements and amplifications of pMEA300 DNA fragments were not detected.
Nucleotide sequence of the NspHI pMEA300 segment involved in site-specific integration. The nucleotide sequence of the NspHI fragment (2,100 bp) was determined (Fig. 3) . The G+C content was 68.6%. Two complete open reading frames, designated int and xis for reasons explained below, were
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----- J. BACrERIOL. Starting at ATG-287 and terminating at TGA-1655, int is postulated to encode a protein of 456 amino acid residues (Mr, 51, 134) . The start codon of int is preceded by a potential ribosome-binding site (GAGGAGG). Int shares extensive similarity with the C termini of proteins belonging to the Int family of site-specific recombinases (Fig. 4B) . Residues His-396, Arg-399, and Tyr-433 (family positions; Fig. 4B ) are conserved in all sequences (except for Int of pSAM2) and are present as His-383, Arg-386, and Tyr-419 in the Int of pMEA300. It thus appears very likely that int encodes the pMEA300 integrase. Deletion of the BamHI-ApaI region of pMEA300, which lies within the coding region of the int gene, indeed results in nonintegrating, autonomously replicating plasmids (27a). Five imperfect repeats were found immediately upstream of int and to the right of attP ( Fig. 3; see below) . These repeats could serve as possible DNA-binding sites for the Int protein, as has been suggested for pSAM2 (7) . Similar consensus sequences can be derived for these repeats at similar positions on pMEA300 and pSAM2.
Analysis of the attP region. Current evidence indicates that attB sites are contained within tRNA genes (3, 6, 9, 22, 26) . A database screen revealed that nucleotides 1780 through 1824, located downstream of int (Fig. 3) , show extensive similarity to known attB sites (not shown) (9) and especially to tRNA sequences from various organisms. The highest score, of the pMEA300 attP (shown below in inverse complement), was obtained with an Ile-tRNA gene of Rhodobacter sphaeroides (X53853:RSRRNA).
A.m. 1824-CTGATAACGAAGAGGTCGGAGGTTCAAGTCCTCCTGGGCCCACCA-1780 R.s. 2227 -CTGQTAAGCGTGAGGTCGGAGGTTCAAGTCCTCCTCGACCCACCA-2271 This indicates that attP of pMEA300 is approximately 44 bp long and that chromosomal integration occurs within an IletRNA gene with an ATC anticodon (shown in boldface type).
In future work we will study the other pMEA300-encoded functions, using a pMEA300-negative derivative strain of A. methanolica (27a). It is expected that this information, and a clear understanding of the regulation of pMEA300 integration and excision in relation to growth conditions, will provide further insights into the physiological role of this type of plasmid.
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